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FORiWOKD 


This  Interim  TechiiiGal  Doeuinefltary  Progress  Report  covers  the 
work  performed  under  ContraGt  AF33(657y*89l2  from  15  October 
1962  to  15  January  1963.  it  is  published  for  technical  in¬ 
formation  only  and  does  not  necessarily  represent  the  recom¬ 
mendations  ^  conGlusions  or  approval  of  the  Air  Force. 

This  eontraet  with  E.  I.  DuPont  de  Nemours  &  Company,  Inc., 
Baltimore,  Maryland  was  initiated  under  Manufacturing  Methods 
Project  7 ®987,  "Refractory  Alloy  Foil  Rolling  Development 
Program".  It  is  being  accomplished  under  the  technical 
direction  of  Mr.  H.  L.  Black  of  the  Manufacturing  Technology 
Laboratory,  Aeronautical  systems  Division,  Wri'ght-Patterson 
Air  Force  Base,  Ohio. 

Mr.  John  Symonds ,  Development  Ingineer,  Metals  Center,  Baltimore, 
is  the  engineer  directly  responsible  for  the  work.  Others  ^ho 
Gooperated  in  the  work  were  Dr.  A.  W.  Dana,  Jr. ,  TechniGal  Super¬ 
visor  and  Mr.  w.  F.  Bumgarner,  Production  Supervisor. 

The  primary  objective  of  the  Air  Force  Manufacturing  Methods 
Program  is  to  develop  on  a  timely  basis  manufacturing  processes, 
techniques  and  equipment  for  use  in  economical  production  of 
USAF  materials  and  components.  This  program  encompasses  the 
following  technical  areas: 

Alloy  Selection  (Columbium,  tantalum  and  tungsten  alloys), 
Consolidation  Techniques,  Primary  Breakdown,  Rolling  to 
Heavy  Gauge  Sheet,  Foil  Rolling, 

Your  GOmments  are  solicited  on  the  potential  utilization  of  the 
information  contained  herein  as  applied  to  your  present  or 
future  production  programs,  Suggestions  conceming  additional 
Manufacturing  Methods  development  required  on  this  or  other 
subjects  will  be  appreciated. 


Approved  by: 


PUBLICATION  REVIEW 


t,  Mr  Mahia - 

Technical  Assistant 
to  the  Director  of 
Metal  Products 
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ABStMCT 


The  melting  of  three  colufflbium»base  alloy  and  two 
tantalum-base  alloy  ingots  by  arG-oasting  is  desGribedi  The 
alloys  were  Gb-l0%W-l%Zr^G.l%C  (D-43),  Gb*5%Mo«B%V-l%Zr  (1-66)* 
Gb“lO%W*2-l/2%Zr  (Gb-752) ,  Ta-lO%W,  and  Ta-8%W-2%Mf  (T*lll). 

The  prOGess  Gonsisted  of  hydrostatiG  GOmpaGtion  of  elemental 
powders  into  eleGtrodes^  followed  by  double  Gonsumable  are 
melting  to  yield  6”  diameter  ingots.  AnalytiGal  and  metals 
lurgical  testing  of  the  ingots  is  desGribed. 
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I.  INTRODUCTION 

This  report  sunimdflzes  Che  work  performed  on  Phase 
11  Of  ConcraGC  No,  AF33 (657) *8912 ^  entitled  ''RefraGtory  Alloy 
Foil  Rolling  Development  Program'*,  The  contraGt  is  sponsored 
by  the  ManufaGtnring  TeGhnology  Laboratory ^  ASRCTBj  AFSC 
AeronautiGal  Systems  Division,  Wright*Patterson  Air  Force 
Base,  Ohio, 

The  program  objective  is  to  develop  manufaGturing 
proGesses  for  the  production  of  tungsten,  columbium  and 
tantalum  and/or  their  alloys  in  24"  wide  foil,  down  to  0,001*' 
thick.  The  progr^  has  been  divided  into  five  phases  as 
follows : 

1,  The  evaluation  of  the  current  SGate»»of#the» 
art  of  refractory  alloy  foil  rolling  and  the 
recommendation  of  the  most  promising  alloys 
of  tantalum,  columbium,  and  tungsten  for  the 
remainder  of  the  program, 

2,  The  production  and  testing  of  ingots  of 
col^bixjm  and  tantalum  alloys  required  for 
the  manufacture  of  foil  12"  wide  by  100' 
coils  and  the  investigation  of  the  rolling 
of  pure  tungsten, 

3,  The  production  of  coil  blanks  for  each  of 
the  alloys  selected  and  the  evaluation  of 
these  coil  blanks. 


The  rolling  of  foil  in  thicknesses  from 
OiOOl"  ^  OiOOS”  and  widths  of  12"  and  the 
evaluation  of  the  products 

5.  The  production  of  24"  wide  coils  of  the 
approved  alloys  in  the  thickness  range  of 
O.OOl"  -  0.005". 

At  the  conclusion  of  Phase  1  (State“of«the*Art  Survey) 
the  following  compositions  were  selected  for  rolling  to  12>lnch 
wide  foil: 

1.  Cb*l0%W-l%Zr»0.1%C  (D-43  alloy  -  alloy 

previously  designated  X«110) 

2.  Gb^lO%W-2*l/2%Zr  (Cb‘752  alloy) 

3.  Cb«5%Ho*5%V-15iZr  (8^66  alloy) 

4.  Ta*10%W 

5.  ta^$%w*2%Hf  (T*lll  alloy) 

6 .  Pure  tungsten 

Processing  of  the  columbium  and  tantalum  base  alloys  under  this 
program  commences  with  consolidation  and  proceeds  through  the 
various  processing  steps  to  foil  as  outlined  under  the  five 
phases  of  the  contract.  Tungsten  sheet  will  be  purchased  from 
a  number  of  sources  for  rolling  to  foil. 

The  Phase  II  program  described  in  this  report  is  con* 
cemed  mainly  with  melting  and  testing  of  the  6"  diameter 
columbium  and  tantaltim  base  ingots  required  for  rolling  to  12" 
wide  foil.  The  operations  involved  are:  blending,  compaction, 
and  double  consumable  arc  melting.  Testing  and  evaluation  pro* 
cedures  include:  ultrasonic  testing  for  soundness;  chemical, 
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spectrogfaphiG i  and  X-ray  mlcroproba  analyses;  and  meralld- 
graphic  examlnarldns . 

The  cungsuen  portion  of  the  progratn  is  at  present 
edncemed  with  design  studies  on  various  arrangements  for 
continudus  rdlling  df  tungsten  sheet  with  rapid  heating  at 
the  r dll -nip. 


II.  SUMMARY 


The  objeetlve  of  Phase  II  was  to  develop  casting 
techniques  capable  of  producing  6'*  diatneter  ingots  in  the 
three  colusibiutn  and  two  tantalum  base  alloys  for  subsequent 
processing  to  foil.  An  additional  objective  of  the  program 
was  to  carry  out  preliminary  rolling  evaluations  of  tungsten 
sheet  from  various  sources. 


lagct  Castihg 

Initial  consolidation  of  the  raw  materials  was 
accomplished  by  hydrostatic  compaction.  The  compacts  were 
tack«welded  together  to  form  first  melt  electrodes.  First 
melt  ingots  (4*1/2"  diameter)  were  inverted  and  used  as 
electrodes  for  second  melting.  The  second  melt  electrodes 
Were  joined  by  studding  and  welding. 

Ingot  soundness  was  determined  by  ultrasonic  in« 
spection.  Ihrinkage  pipes  detected  by  this  means  were  cropped 
off, 

A  1/4"  thick  test  slice  was  taken  from  the  top  and 
bottom  of  each  ingot.  Ghemical,  spectrographic  and  microprobe 
analyses  were  carried  out  on  these  slices.  The  chemical  and 
spectrographic  analyses  indicated  the  compositions  of  the  five 
ingots  to  be  satisfactory. 

It  was  considered  that  compositional  homogeneity  was 
especially  desirable  in  these  ingots  since  they  are  being  rolled 
to  foil  gauges,  Microprobe  analyses  were  carried  out  on  speci* 
mens  in  the  as^cast  condition  and  after  a  high  temperature 
homogenization  treatoent.  Compositional  variations  were  most 
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inatked  Iti  the  cdlutnblum  base  alloys  and  were  typically  ^  25% 
of  the  average,  bistances  between  adjacent  maxima  and  minima 
in  composition  were  of  the  order  of  100  microns.  The  two 
tantaltmn  alloys  showed  much  less  pronounced  heterogeneity^ 

The  high  temperature  homogenizations  did  not  result  in  more 
uniform  distribution  of  the  alloying  elements  in  any  of  the 
alloys i 

Metallographic  examination  and  hardness  measurements 
carried  out  before  and  after  the  high  temperature  treatments 
did  not  indicate  significant  changes  in  micros true ture^ 

Tungs  ten  Pr oc  e  s  s ing 

Design  studies  are  being  carried  out  on  t^o  methods 
of  rapidly  and  continuously  heating  tungsten  which  might  be 
used  in  rolling  of  long  lengths  of  tungsten  strip  or  foil. 

The  device  would  be  installed  on  the  entry  side  of  a  rolling 
mill,  immediately  adjacent  to  the  rolls. 


m»  INGOT  GASTj^ 


Raw  Matet^lals 

Infdpnatloa  is  given  in  Table  1  on  pufiey  and 
physical  fortn  of  the  elemental  matefials  used  in  both  the 
Golumbium  and  tantalum  base  alloys* 

f  irst.  Melt  Electrode  Preparation 

Gharges  for  each  of  the  five  Ingots  were  blended 
in  a  twin-shell  cone  blender  and  loaded  into  rubber  boots  for 
compaction*  The  rubber  boots »  evacuated  by  a  vacuum  pump 
prior  to  compaction^  were  hydrostatically  compacted  at  60,000 
psi* 

First  Melt  Ingots 

The  compacted  electrodes  were  melted  to  4-1/2*' 
diameter  ingots  using  the  consumable  electrode  process  in 
the  Heraeus  vacuum  arc  furnace  at  the  Pu  Pont  Metals  Center* 
Compacts  were  tack-welded  to  each  other  (and  to  the  adapter) 
to  give  first  melt  electrodes  typically  30"  long.  In  the 
case  of  the  two  tantalum  alloys,  the  tack-welds  were  rein¬ 
forced  by  tacking  1/8"  tantalum  rod  across  the  joints* 

Without  this  additional  strengthening,  the  tack~velds  were 
extremely  susceptible  to  breakage  in  handling  and  while 
starting  the  arc* 

Melting  data  for  the  first  melt  ingots  are  sum¬ 
marized  in  Table  2, 
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^Obtained  by  madhiBing  an  iagot. 


TABLE  2 

MELTING  DATA  FOR  FIRST  MELT  4-1/2”  DIAMETER  INGOTS 


Alloy 

Electrode 
di^a . .  inchei 

5  Volts 

Amps 

Melt  Rate  Fui 
lbs  ./min. 

rnace  Pressure 
_Microno _ _ 

D-43 

3 

32 

6000- 

6500 

B.2 

0.2-0. 5 

6^66 

3 

32 

6500 

8.5 

0.1-0. 3 

Cb-752 

3 

32 

7000 

5.1 

O.l-l.O 

fa*10%W 

2 

36-38 

6500- 

7500 

1.8-2. 2 

3*0-19.0 

T»lll 

2 

30-34 

6500 

2.0-3. 0 

3-10 

Prior  to  meltings  tl 

ie  furnace 

pressure  was  reduced  i 

Id  less  than 

two  microns ,  with  a 

leak  rate 

of  less 

than  one  micron  per  minute 

(13  micr 

on*liters  per  second) 

«  A  magt 

letic  stirring 

coil  was 

used  thr 

oughout  the 

melts. 

Melting  Of  the  T«lll  alloy  was  Started  with  3"  diatneter 
ootnpacts  but  aroing  to  the  sidewall  aod  a  Grucible  burn<-thfough 
occurred.  The  problem  wa$  eliinihated  by  changing  to  2"  diameter 


compacts . 

The  high  pressures  obtained  in  the  melting  of  the  two 
tantalum  base  alloys  are  noteworthy  High  pressures  also  ob* 
tained  in  second  melting  of  these  alloys.  This  is  believed  to 
be  associated  with  the  large  volumes  of  gas  removed  as  indicated 
by  tha  high  degree  of  interstitial  upgrading  which  took  place  in 
these  alloys.  (See  Table  5). 

Second  melt  electrodes  were  prepared  from  the  4«l/2" 
diameter  ingots.  Two  first  melt  ingots  were  required  to  obtain 


a  secditd  ttielt  elecerode^  The  4-1/2"  dlatneter  Ingdta  V7ere  lii- 
vert^ed  and  the  bottom  o£  one  was  sawn  sqnate,  drilled,  tapped 
and  joined  to  the  adapter  by  a  stud.  The  original  top  o£  this 
Ingot  and  the  bottom  o£  the  second  Ingot  were  likewise  sawn 
flat^  drilled,  tapped  and  studded ^  This  joint  and  the  joint 
between  the  adapter  and  the  ingot  were  further  reinforced  by  a 
circumferential  tack  weld. 

Second  Melt  Ingots 

Final  6''  diameter  ingots  were  melted  in  the  Heraeus 
furnace.  Melting  conditions  are  suitanarlzed  in  Table  3^ 

TABil:  3 


MELTING  DATA  FOR  SECQNB  tglLT  6"  DIAMETER  INGOTS 


Alloy 

Volts 

Amps 

Melt  Rate  I 
lbs . /min. 

•‘urnace  pressure 
Microns 

0-43 

32 

9000 

11 

oa 

B-66 

32 

7500-8O00 

15 

0.1 

Cb-752 

36 

9000 

10 

O.l 

Ta-l0%W 

34-40 

11,500-13,000 

4 

5.0*»5.5 

T-lll 

32-38 

14,000-15,000 

9 

4. 0-8.0 

The  crucible  used  was  6-3/8"  diameter.  Magnetic  stirring  was 
used  for  each  melt.  A  hot  topping  procedure  was  carried  out 
at  the  end  of  each  melt  to  minimize  the  shrinkage  cavity. 

Power  was  reduced  incrementally  over  a  period  of  8-12  minutes. 
Currents  were  In  the  range  3000-5000  amps  at  arc -out. 
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IftgQt  Conditioning 

Both  ends  of  the  as -cast  IngOtS  were  cropped*  the 
bottoms  were  cropped  to  remove  the  unmelted  portion  of  the 
powder  starting  pads  and  the  tops  were  cropped  to  remove  any 
visible  shrinkage  pipe*  the  columbium  alloy  ingots  were  turned 
down  to  5*57"  diameter ^  the  dimension  required  for  steel  eanning 
prior  to  extrusion*  The  two  tantalum  ingots*  to  be  extruded 
bare*  were  machined  to  a  larger  diameter  -  5*72"*  At  this 
diameter  some  surface  porosity  was  still  present  in  the  bottom 
2"  of  the  ingots*  these  defects  were  ground  out  by  spot  con¬ 
ditioning* 

Ultrasonic  testing 

the  machined  ingots  were  ultrasonically  testod  for 
Internal  soundness,  test  conditions  are  summarised  in  table  4* 


tABUE  4 

ULtRASONIC  tEStlNG  CONDltlONS  OF  COLUMBIUM  AND  tANtALUM 

BASE  ALLOY  INGOTS* 


Alloy 

D-43 


Crystal 

Branson  'Z'  crystal 


Frequency 
5  Me* 


B-b6*  Cb-752  Quarts  2*25  Me, 

taslO%W,  t-111  Branson  ’Z’  crystal  2*25  Me, 

^Instrument:  Curtiss  Wright  ' Iionerseope '  (immersion  teehnique) 


the  portions  of  the  ingot  tops  eontaining  concealed 
shrinkage  cavities  (revealed  by  ultrasonic  testing)  were  removed 
by  sawing,  the  lengths  of  defect-free  ingot  obtained  in  each  of 
the  alloys  was: 
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0«43  alloy  -  11-13/16" 

B-66  alloy  -  11-1/4" 

Gb-752  alloy  «  9-1/4" 

ta-103W  alloy  -  11-9/16" 


t-111  -  10-1/2" 


Ingot  Evaluation 

One-quartet  Inch  thick  slices  were  Obtained  from  the 
top  and  bottom  of  each  Ingot.  Each  slice  was  subjected  to  the 
following  series  of  evaluations: 

1.  Macro-etch  on  a  90®  segment. 

2«  Micros  tructure. 

3.  Chemical  analysis » 

4,  Spectrographlc  determinations  of  major 
alloying  elements. 

5^  A  high  temperature  homogenization  treatment 
was  given  to  a  portion  of  each  slice* 

6.  X-ray  microprobe  analytical  scans  before 

and  after  the  homogenization  heat  treatment* 

7*  Hardness  measurements  before  and  after  the 
homogenization  treatments  * 

The  macros true tures  of  the  five  ingots  are  illustrated 
in  Figures  1^5. 

Micros truotures  at  a  mid-radius  location  are  illus¬ 
trated  in  Figures  6-10*  The  B-66  alloy  microstructure  contained 
some  very  fine  micro-porosity  visible  in  Figure  7*  The  subse¬ 
quent  hot-breakdown  operation  is  expected  to  eliminate  this 
porosity  completely. 
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FIGUitE  1 


P-43  alloy  Ingot, 
Macro»structure ,  bottom 
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Maejfo-sttucturei  top 


,13* 


Macro^stl^eture 


Ta-10%W  alloy 
ingot , 

Maqro'^structure , 
bottom 
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,16* 


As -cast  miGS:d» 
structure i 

D-43  alloy j 
ingot  top. 

X250 

Hardness  ^  54 


FIGURE  6 


As^cast  micro-* 
structure. 

D«43  alloy, 
ingot  bottom. 


X250 

Hardness  Ba  34 


p- 


As^csst  mlero«8truQ^urt.  Cb^752  alloy.  Ingot  bottbiB. 
X250  Hardness  Ka  36 
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As -case  iniefo** 
strTaGtuea, 

Ta-10%W  alloy j 
ingoe  eop. 

X*100 

Hairdness  Rg  89 


FieURE  9 


As -cast  micro* 
structure. 

Ta*107«W  alloy. 
Ingot  bottom. 


X-100 

Hardness  Rg  93 


As  “cast  BiiGro- 
seruGtuifei 

T“lll  aliGyi 
Ingot  top* 

XlOO 

Hardness  Rg  98 


FIGURE  10- 


As-east  taiGrp*^ 
structure. 

T-Ul  alloy, 
Ingot  bo t tom. 

X-100 

Hardness  Rg  96 


Chemical  analyses  at  mid-radius  locatidns  are  given 
in  Table  5*  Also  included  In  Table  5  are  the  GalGulated 
interstitial  Gontents  of  the  compacted  raw  materials  and  com^ 
positional  specifiGations »  where  available. 

Comparison  of  the  GalGulated  interstitial  levels  of 
the  B^66  and  Cb*752  alloy  ingots  with  the  ingot  analyses  in* 
diGates  that  a  small  amount  of  oxygen  eontamination  OGGurred 
in  meltings  The  source  of  this  contamination  has  not  been 
established. 

The  analytical  data  shown  in  Table  5  are  Gonsidered  to 
indicate  satisfactory  expositions  for  the  five  ingots  except 
for  the  &to  following  values  which  are  of  marginal  adequacy: 

1*  Tungsten  content  at  the  top  of  the  D*43  alloy 
ingot  is  low  expared  with  the  nominal  10%  value, 

(low  tungsten  values  have  been  observed  previously 
in  the  top  of  D*43  ingots.  Oenerally.  the  low 
tungstan  content  is  confined  to  the  hot^^topped 
portion  of  the  ingot) . 

2,  Oxygen  content  of  the  Cb»752  alloy  ingot  is  marginal 

in  view  of  published  data*  on  interstitial  content 

requirements  for  this  alloy  (although  considerably 

lower  than  the  North  American  Specification  quoted) . 

Cxpaction  to  l*7/8"*2”  diameter  first  melt  electrodes 

(rather  than  3"  diameter)  may  have  resulted  in  higher 

purity.  (Gas  removal  would  have  been  aided  by  the 

lower  electrode/cruclble  ratio) . 

*Sehuss  ler  V  M .  lew  ley',  ~  J  .~G . ,  ’IJevelopment  of  Processing 

Methods  for  Columblum  Alloy  Sheets".  Contract  No. 

AF33 (657) *7210,  Interim  Report  No.  1.  July  1,  1962, 

Haynes  Stellite  Company. 
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(2)  Westingliouse  Special  Technical  Data  Sheet  52-3:64 

(3)  North  American  Aviation  Inc.  Material  Specification  1,80170-176 

(4)  Tentative  National  Research  Corp,  Specification 


Seinl*quantieative  spectfographiG  analyses  of  ehe 
main  alloying  elemenes  were  obtained  at  six  points  aGross  the 
diameter  of  each  slice.  The  results  are  tabulated  in  Table  6, 


TABU.  6 

SEMI-QUANTlTATlVE  SPECTROGRAPH IC  ANALYSIS  ON  Cb-  AND  Ta*BASE 

INGOT  SLICES . .  . . 


_ Alloy  Conteat  jo 

Alloy  i^ge^:  ^  ^Ginter  ^7  ^  Edge 


Alloy 

Element 

■’1 

1 

4 

5 

0-4 3,  top 

w 

8.8 

8.5 

8.8 

8.6 

8.2 

8.4 

zr 

1.0 

1.1 

1.1 

1.0 

1.1 

1.1 

bottom 

w 

10.3 

8.7 

8.4 

9.0 

9.2 

9.0 

zr 

0.97 

0.98 

0.98 

0.97 

0.93 

0.96 

B-66 i  top 

Mo 

4.5 

4.2 

4.2 

4.4 

4.2 

4.2 

V 

4.7 

5.2 

5.8 

5.0 

5.4 

5.6 

Zr 

0.89 

0*95 

1.02 

0.91 

0.98 

» 

bottom 

Mo 

4.5 

4.2 

4.2 

4.3 

4.3 

4.3 

V 

4.5 

4.9 

4.9 

4.9 

4.9 

4.7 

Zr 

0.91 

0*94 

0.95 

0,93 

1.00 

0,95 

Cb*7S2,  top 

w 

Zr 

10.5 

2.1 

10.0 

2.3 

9.6 

2.5 

9.5 

2.4 

10.0 

2.3 

9.8 

2.2 

Bottom 

W 

10.3 

10.1 

10.2 

10.0 

10.1 

10.1 

Zr 

2.3 

2.4 

2.3 

2.4 

2.3 

2.4 

Ta-10%W,  top 

w 

9.1 

9.5 

9.0 

8.5 

9.1 

9,7 

bottom 

w 

8.9 

9.1 

9.3 

9.2 

9.4 

$  •  1 

T-111,  top 

w 

7.1 

7.1 

7.3 

8.1 

8.1 

6.8 

Mf 

1.8 

1.6 

2.2 

2.3 

1.9 

2.0 

bottom 

W 

7.8 

7.2 

7.1 

7.4 

7.4 

7.4 

Hf 

2.2 

1.9 

1.9 

2.0 

2.0 

2.2 

Since  spectrographic  analyses  have  not  been  standard-* 
ized  for  absolute  values  of  the  alloying  elements  in  these  alloys, 
Table  6  can  only  be  used  to  Illustrate  the  variation  in  alloy 
element  analyses  from  point  to  point*  LocatiohS  2  and  5  were 
closest  to  the  mid«radius* 


-24* 


Since  ttie  iilelmate  prcduct  ffotn  these  ingots  will  be 
£oil^  it  was  considered  desirable  to  obtain  infortnation  on  the 
degree  and  diffiensions  of  coring  in  the  cast  structure*  Pro* 
nouneed  eoring  could  result  in  significant  composition  gradients 
across  relatively  large  linear  difnenslons  in  the  foil*  Micro* 
probe  analyses  have  been  carried  out  on  the  as*cast  ingot  slices 
to  obtain  inforination  on  heterogeneity  of  composition  on  the 
microns cale  * 

Small  portions  of  the  ingot  slices  were  subjected  to  a 
one  hour  high  temperature  homogenization  cycle  (at  3000^*  for 
the  coluffibium  alloys  and  3200^*  for  the  tantalu®  alloys)^  Micro* 
proble  analyses  were  then  carried  out  on  these  and  as^oast  slices* 
The  fflicroprobe  scans  were  carried  out  on  an  electron 
microprobe  made  by  Applied  Research  Labs,  Inc*  and  located  at 
the  Pu  Pont  Experimental  Station  in  Wilmington*  Semi*quantita* 
tive  continuous  x*ray  determinations  over  distances  of  P* 3*1*0  mim 
were  made  for  each  alloying  element*  these  line  scans  show  the 
typical  distances  over  which  comppsition  gradients  occur  and  also 
the  departure  from  the  average  composition  along  a  line  scan* 

The  average  composition  is  assumed  to  be  close  to  the  value  shown 
in  Table  5.  The  inacouracy  Involved  in  this  assumption  can  be 
judged  by  referring  to  the  spread  in  analyses  indicated  by  the 
spectrographic  analyses  in  Table  6.  The  electron  beam  in  the 
A.R.L.  microprobe  is  less  than  2  microns  diameter  and  the  X»ray 
beam  is  emitted  from  a  slightly  smaller  area.  Successive  scans 

’temperatures  of  the^  order  of  3500®*4000®F.  were  not  tried  be* 
cause  of  the  possibility  of  a^ospheric  contamination  in  the 
argon  atmosphere  billet  heater  (which  would  have  been  used  to 
homogenize  the  ingots).  The  billet  heater  had  not  been  used 
for  prolonged  heating  in  the  3500^*4000^.  range  and  the 
purity  of  the  argon  atmosphere  could  not  be  guaranteed. 
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w6re  tnade  for  each  elethent.  At:  laasC  two  complete  scaas  were 
made  In  both  the  as^cast  and  homogenized  condition  on  mid -radius 
specimens  from  the  top  and  bottom  of  each  ingot*  the  results  of 
the  microprobe  work  on  each  ingot  are  summarized  below*  the  cor¬ 
relation  of  these  results  with  microstructure  will  be  described 
in  the  Phase  III  report*  It  must  be  pointed  out  that  the  effect 
of  high  temperature  heat  treatment  on  hetergeneity  could  not  be 
rigorously  evaluated  since  different  specimens  were  examined  for 
the  as -cast  and  homogenized  slices  (the  two  specimens  were  taken 
from  locations  less  than  1/2"  apart  in  the  original  ingot) *  the 
variations  in  composition  reported  are  the  extreme  values* 

P-43  Alloy 

In  the  as -cast  condition  tongs ten  varied  by  ^  20% 

(i.e.j  from  8%w  to  I2%w,  assuming  nominal  composition).  Zir¬ 
conium  varied  ±  30%*  After  homogenization  tungsten  variation 
was  similar.  Zirconium  content  varied  ±  22%.  these  variations 
occurred  across  distances  q£  70-200  microns, 

Zirconiisn  and  tungsten  varied  inversely  to  each  other* 
l.e.,  low  tungsten  areas  showed  high  zirconium  and  vice  versa. 

Cb-752  Alloy 

’  ^  tungsten  varied  +  327.  in  the  as"»cast  specimen  and  + 

30%  in  the  homogenized  specimen.  Zirconium  varied  +  227.  as^ 
cast  and  +  50%  in  the  homogenized  specimen,  A  cored  sub', 
structure  was  detected  within  the  as-cast  grains  of  this  alloy 
which  could  be  related  to  the  results  of  the  microprobe  scan, 
tungsten  content  is  low  and  zirconium  high  at  the  boundaries  of 
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this  suls^suruGture  while  the  reverse  dcGurs  inside  the  gteins« 
Segregation  oGcutred  over  distanGes  of  100*200  tnicrons. 

B*M„  jailoy 

Molybdentain  varied  +  9%  as  “cast  and  ±  8%  on  the  h®no* 
genized  speGimen^  ZirGOniyin  varied  -+  25%  in  both  Gonditions. 
vanadium  varied  ±  15%  as^oast  and  ^  12%  in  the  homogenized 
speGimeni  Segregation  distanGes  were  50*150  miGronSi  Molyb* 
denum  segregated  inversely  to  zirGonium  and  vanadium « 

Ta-10%W  Alloy 

fungsten  distribution  was  extremely  uniform  in  this 
alloy,  variation  was  ^  4%  on  the  as*Gast  speGimen  and  ^  6% 
on  the  homogenized  speGimen. 

f*lll  Alloy 

tungsten  varied  ^  4%  as»Gast  and  +  4*1/2%  in  the 
homogenized  speGimen.  Hafnium  varied  ±  16%  in  both  samples. 
Segregation  distanGes  were  typically  70*100  miGrons. 

No  appreGiable  difference  was  observed  in  the  pattern 
of  segregation  before  and  after  the  high  temperature  homogeni* 
zation  treatment  of  any  of  the  alloys.  Some  degree  of  homo* 
genization  may  have  occurred  but  it  could  not  be  determined 
from  the  relatively  few  data  obtained  in  this  work. 

Radial  hardness  traverses  were  carried  out  on  the 
ingot  slices  before  and  after  the  high  temperature  homogeni* 
zation  treatment*  The  results  are  shown  in  Table  7. 
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TAMi  7 


HARDNESS  MEASURiMENTS  OF  ( 

“  AND 

Ta“BAS 

;e  alloy 

INC 

Edge 

Center 

D-43  Alloy 

Top,  As “Cast 

54 

54 

54 

54 

53 

Homogefiized 

50 

51 

50 

52 

51 

got tom,  As “Cast 

54 

54 

54 

54 

53 

Homogenized 

51 

54 

54 

52 

51 

B“M  Alloy 

Top,  As “Cast 

60 

60 

60 

59 

58 

Homogenized 

60 

60 

60 

61 

59 

Bottom,  As “Cast 

60 

59 

59 

59 

58 

Homogenized 

58 

59 

60 

59 

60 

Cb“7S2  Alloy 

Top,  As “Cast 

53 

54 

55 

54 

53 

Homogenized 

54 

54 

54 

51 

52 

Bottom,  As “Cast 

55 

57 

56 

56 

56 

Homogenized 

55 

56 

55 

55 

54 

Ta“10%W  Alloy 

Top,  As “Cast 

89 

90 

89 

88 

»8 

Homogenized 

91 

90 

90 

89 

89 

Bottom,  As “Cast 

93 

94 

93 

93 

91 

Homogenized 

93 

94 

93 

93 

94 

T“lll  Alloy 

Top,  As “Cast 

89 

97 

98 

97 

95 

Homogenized 

92 

93 

94 

94 

94 

Bottom,  As “Cast 

85 

96 

96 

93 

96 

Homogenized 

93 

94 

94 

94 

94 

(RA) 


(Rb) 
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the  three  cdlumblum  base  alloys  and  the  ta*10%W  alloy 
show  no  slgniflGani:  ohange  In  hardness  as  a  result  o£  the  high 
temperature  homogenization.  No  Ghanges  In  mlGrostructure  Gould 
be  deteGted  in  these  alloys  either,  the  hardnesses  do  not  show 
any  pronounGed  variation  from  edge  to  Genter. 

the  t-111  alloy  shows  an  appreGlably  lower  hardness 
at  the  edge  than  center  In  the  as -cast  Gondltlon.  Since  the 
differenGe  no  longer  exists  after  the  high  temperature  heat 
treatment,  it  is  believed  to  be  associated  with  a  Goollng  rate 
effect  rather  than  a  differenGe  in  Gomposltion.  the  micro- 
StruGture  (at  the  mid»radlus  location)  of  this  alloy  eontained 
slightly  more  of  an  unidentified  second  phase  (visible  In 
Figure  10)  after  homogenization  than  In  the  as^cast  Gondltlon^ 


APPENDIX 

PHASE  III  WORK  SCHEDULE 

Phase  HI  extends  over  a  period  of  three  tnonths  and 
Gonsists  of  produGtion  and  testing  of  coil  blanks  in  eaGh  of 
the  Goluinbinm  and  tantalinn  base  alloys.  These  ooil  blanks 
are  for  subsequent  rolling  to  12"  wide  foil^ 

All  ingots  will  be  extruded  to  l“l/2''  x  4"  sheet  bar. 
The  three  Golumbium  alloy  ingots  will  be  canned  in  mild  steel 
and  extruded  through  flat  dies.  The  tantalum  alloy  Ingots  will 
be  extruded  bare  through  cone  dies. 

The  sheet  bars  will  be  warm  rolled  to  IM"  ^  3/8" 
thickness.  In  order  to  obtain  plate  of  adequate  flatness  for 
belt  conditioning,  the  warm  rolled  plates  will  first  be  roller 
leveled.  After  conditioning  and  heat  treatment  the  plates  will 
be  rolled  to  OHQO"  thickness  and  evaluated. 

Small  scale  rolling  trials  on  tungsten  sheet  will  be 
carried  out  during  Phase  III  in  order  to  select  the  most  suit¬ 
able  starting  material  for  rolling  to  foil  at  the  12"  width. 
Information  obtained  In  this  manner  will  also  be  used  as  a 
basis  for  design  of  continuous  strip  heating  equipment  for 
tungsten  rolling. 
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